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Increasing the molecular weight of polycondensates 

The invention relates to a process for increasing the molecular weight of polycondensates 
and to the polycondensates obtainable by the process. 

Polycondensates, such as polyamides, polyesters and polycarbonates, are important engi- 
neering plastics with a wide variety of potential uses, for example in the form of films, 
bottles, fibres and injection mouldings. It is common to these polymers that Lhey are pre- 
pared by polycondensation reactions. For technical or kinetic reasons, the synthesis of 
these polymers frequently does not give high molecular weights. Polymers having high 
molecular weights are therefore prepared by condensation in the solid phase. 

Damage to such polycondensates during processing and use predominantly results, owing 
to chain cleavage, in polymer fragments containing functional terminal groups. Since the 
mechanical and physical properties are crucially dependent on the molecular weight of the 
polymer, high-quality recycling of used polyamides, polyesters and polycarbonates and 
their production waste, for example from fibre production and injection moulding, is fre- 
quently only possible to a restricted extent without aftertreatment owing to the reduced 
molecular weight. 

An improvement in the material properties of used or thermally or hydrolytically pre- 
damaged polycondensates is possible in principle. For example, they can be subjected to 
post-condensation in the solid state [S. Fakirov, Kunststoffe 74, 218 (1984) and 
R.E. GrOtzner et aL, Kunststoffe 82, 284 (1992)]. However, this known method is protrac- 
ted, and in addition is sensitive to impurities, as may be present in used material. 

Furthermore, EP-0 410 230 has proposed carrying out the solid-phase condensation of 
polyamides using phosphoric acid, phosphorous acid or phosphonous acid as catalysu 

F. Mitterhofer has described studies using a diphosphonite as processing stabilizer in poly- 
mer recyclates (C.A. 91, 124534). 

EP-A-0 090 915 describes a process for the condensation of poly(alkylene terephthalate) 
in the solid phase in the presence of esters of phosphorous acid, for example triphenyl 
phosphite, at from 25 to 65°C below the melting point of the poly(alkylene terephthalate) 
while passing a stream of inert gas through the mixture. 
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The present invention therefore had the object of developing a process for post-condensa- 
tion in the solid phase which allows an increase in the molecular weight of polyconden- 
sates, such as polyesters, polyamides and polycarbonates, and of corresponding copoly- 
mers and blends in a relatively short time and/or improves the properties of the polycon- 
densate. 

The invention thus relates to a process for increasing the molecular weight of polyconden- 
sates, which comprises heating a polycondensate in the temperature range below the mel- 
ting point and above the glass transition temperature in the solid phase of the polymer with 
addition of at least one sterically hindered hydroxy phenylalkylphosphonic ester or mono- 
ester. 

This increase in molecular weight results in an improvement in the properties of the poly- 
condensates, which becomes evident, for example, in the injection-moulding sector, extru- 
sion sector and in particular in recyclates. With the aid of the novel process, an increase in 
molecular weight can be achieved, in particular, in polycondensate recyclates from the 
collection of used industrial pans, for example from automobile and electrical applica- 
tions. This allows recyclates to be re-used for high-quality applications, for example as 
high-performance fibres, injection mouldings, extrusion applications or foams. Such recy- 
clates also originate, for example, from industrial or domesuc collections of valuable 
materials, from production waste, for example from fibre production and trimmings, or 
return obligations, for example collections of PET drinks bottles. 

The invention also relates to a process for increasing the molecular weight of polyconden- 
sates, which comprises heating a polycondensate in the temperature range below the mel- 
ting point and above the glass transition temperature in the solid phase of the polymer with 
addition of at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester and in the presence of at least one polyfunctional compound selected from the class 
consisting of the epoxides, oxazolines, oxazolones, oxazines, isocyanates, ahydrides, acyl- 
lactams, maleimides, alcohols, carbodiimides and esters. 

The invention furthermore relates to the preparation of branched, crosslinked and partially 
crosslinked polycondensates. This can be carried out, in particular, by addition of the 
abovementioned polyfunctional compounds. An insoluble polycondensate is obtained 
which can be used, for example, for the production of foams. 
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The polycondensate is preferably a recycled polycondensate. 

The novel process is of particular interest when the polycondensate is a polyamide, a poly- 
ester, a polycarbonate or a copolymer thereof. 

Besides polyesters, polyamides and polycarbonates, the present invention also covers the 
corresponding copolymers and blends, for example PBT/PS, PBT/AS A, PBT/ABS, 
PBT/PC, PET/ABS, PET/PC, PBT/PET/PC, PBT/PET, PA/PP, PA/PE and PA/ABS. 
However, it must be taken into account that the novel process, like all methods allowing 
exchange reactions between the blend components, can result in a modification of the 
blend, i.e. in the formation of copolymeric structures. 

The term polyamides, i.e. both fresh polyamides and recycled polyamides, is taken to 
mean aliphatic and aromatic polyamides or copolyamides derived from diamines and di- 
carboxylic acids and/or from amino carboxylic acids or the corresponding lactams. 
Examples of suitable polyamides are: PA 6, PA 1 1, PA 12, PA 46, PA 66, PA 69, PA 610, 
PA 612, PA 10.12, PA 12.12, and amorphous polyamides of the Trogamid PA 6-3-T and 
Grilamide TR 55 type. Polyamides of this type are known in general terms and are 
commercially available. 

The polyamides are preferably crystalline or partially crystalline polyamides and in parti- 
cular are PA 6 and PA 6.6 or mixtures thereof, and recyciates or copolymers based there- 
on. 

Polyesters, i.e. both fresh polyesters and recycled polyesters, can be homopolyesters or co- 
polyesters built up from aliphatic, cycloaliphatic or aromatic dicarboxylic acids and diols 
or hydroxycarboxylic acids. 

The aliphatic dicarboxylic acids can contain from 2 to 40 carbon atoms, the cycloaliphatic 
dicarboxylic acids can contain from 6 to 10 carbon atoms, the aromatic dicarboxylic acids 
can contain from 8 to 14 carbon atoms, the aliphatic hydroxycarboxylic acids can contain 
from 2 to 12 carbon atoms and the aromatic and cycloaliphatic hydroxycarboxylic acids 
can contain from 7 to 14 carbon atoms. 

The aliphatic diols can contain from 2 to 12 carbon atoms, the cycloaliphatic diols can 
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contain from 5 lo 8 carbon atoms and the aromatic diols can contain from 6 to 16 carbon 
atoms. 

The term aromatic diols is taken to mean diols in which two hydroxyl groups are bonded 
to one or to different aromatic hydrocarbon radicals. 

It is furthermore possible for the polyesters to be branched by small amounts, for example 
0.1 to 3 mol %, based on the dicarboxylic acids present, of monomers having a functiona- 
lity of greater than two (for example pentaerythritol, trimeililic acid, l,3,5-tri-(hydroxy- 
phenyDbenzene, 2,4-dihydroxybenzoic acid or 2-(4-hydroxypbenyl)-2-(2,4-dihydroxy- 
phenyDpropane). 

In polyesters comprising at least two monomers, the latter can be randomly distributed or 
arranged in the form of blocks. 

Suitable dicarboxylic acids are linear and branched, saturated, aliphatic dicarboxylic acids, 
aromatic dicarboxylic acids and cycloaliphatic dicarboxylic acids. 

Suitable aliphatic dicarboxylic acids are those having from 2 to 40 carbon atoms, for 
example oxalic acid, malonic acid, dimethylmaJonic acid, succinic acid, pimelic acid, 
adipic acid, trimethyladipic acid, sebacic acid, azelaic and dimeric acids (products of the 
dimerization of unsaturated, aliphatic carboxylic acids, such as oleic acid), and alkylated 
malonic and succinic acids, such as octadecylsuccinic acid. 

Suitable cycloaliphatic dicarboxylic acids are 1,3-cyclobutanedicarboxylic acid, 1.3-cyclo- 
pentanedicarboxylic acid, 1,3- and 1,4-cyclohexanedicarboxylic acid, 13- and l,4-(dicar- 
boxymethyl)cyclohexane and 4,4'-dicyclohexyldicarboxylic acid. 

Suitable aromatic dicarboxylic acids are in particular terephthalic acid, isophthalic acid, 
o-phthalic acid, 1,3-, 1,4-, 2,6- and 2.7-naphthalenedicarboxylic acid, 4.4'-biphenyldicar- 
boxylic acid, di(4-carboxyphenyl) sulfone, 4,4'-benzophenonedicarboxylic acid, 1,1.3-tri- 
methyl-5-carboxy-3-(p-carboxyphenyl)indane, di(4-carboxyphenyl) ether, bis(p-carboxy- 
phenyDmethane and bis(p-carboxyphenyl)elhane. 



Preference is given to aromatic dicarboxylic acids, in particular terephthalic acid, iso- 
phthalic acid and 2,6-naphthalenedicarboxylic acid. 
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Further suitable dicarboxylic acids are those containing -CO-NH- groups; ihey are des- 
cribed in DE-A-2 414 349. Also suitable are dicarboxylic acids containing N-heterocyclic 
rings, for example those derived from carboxyalkylated, carboxyphenylated or carboxy- 
benzylated monoamino-s-triazinedicarboxyiic acids (cf. DE-A 2 121 184 and 2 533 675), 
mono- or bishydantoins, halogenated or unhalogenated benzimidazoles or parabanic acid. 
The carboxyalkyl groups in these compounds can contain from 3 to 20 carbon atoms. 

Suitable aliphatic diols are linear and branched aliphatic glycols, in particular those having 
from 2 to 12, in particular from 2 to 6, carbon atoms in a molecule, for example ethylene 
glycol, 1,2- and 1,3-propylene glycol, 1,2-, 1,3-, 2,3- and 1,4-butanediol, pentyl glycol, 
neopentyl glycol, 1 ,6-hexanediol and 1,12-dodecanediol. An example of a suitable cyclo- 
aliphatic diol is 1,4-dihydroxycyclohexane. Further suitable aliphatic diols are, for 
example, l,4-bis(hydroxymethyl)cyclohexane, aromatic-aliphatic diols, such as p-xylylene 
glycol and 2,5-dichloro-p-xylylene glycol, 2,2-(£-hydroxyethoxyphenyl)propane and poly- 
oxyalkylene glycols, such as diethylene glycol, triethylene glycol, polyethylene glycol and 
polypropylene glycol. The alkylenediols are preferably linear and contain, in particular, 
from 2 to 4 carbon atoms. 

Prefeired diols are alkylenediols, 1,4-dihydroxycyclohexane and l,4-bis(hydroxymethyI)- 
cyclohexane. Particular preference is given to ethylene glycol, 1,4-butanedioI and 1,2- and 
1,3-propylene glycol. 

Further suitable aliphatic diols are p-hydroxy alkylated, in particular (3-hydroxyelhylated 
bisphenols, such as 2,2-bis[4'-(p~hydroxyethoxy)phenyl]propane. Futher bisphenols are 
given below. 

A further group of suitable aliphatic diols comprises the heterocyclic diols described in 
DE-A 1 812 003, 2 342 432, 2 342 372 and 2 453 326. Examples are N,N'-bis(p-hydroxy- 
ethyl)-5,5-dimethylhydantoin, N,N'-bis (p-hydroxypropyl)-5,5-dimethylhydantoin, methy- 
lenebis[N-((J-hydroxyethyl)-5-methyl-5-ethylhydantoin], methylenebis[N-({3-hydroxy- 
elhyl)-5,5-dimethyihydantoin], N,N'-bis(3-hydroxyethyl)benzimidazolone, N,N'-bis((3- 
hydroxyethyl)tetrachlorobenzimidazolone and N,N-bis(p-hydroxyethyl)tetrabromobenz- 
imidazolone. 

Suitable aromatic diols are monocyclic diphenols and in particular bicyclic diphenols 
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carrying a hydroxyl group on each aromatic ring. The term aromatic is preferably taken to 
mean hydrocarbon-aromatic radicals, for example phenylene or naphthylene. Besides, for 
example, hydroquinone, resorcinol and 1,5-, 2,6- and 2,7-dihydroxynaphthalene, particular 
mention should be made of the bisphenols which can be described by the following formu- 
lae: 



FT FV FT FT 




R" FT 



The hydroxyl groups can be in the m-position, but in particular in the p-position, R* and 
R n in these formulae can be alky] having 1 to 6 carbon atoms, halogen, such as chlorine or 
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bromine, or in particular hydrogen, and A can be a direct bond or -O-, -S-, -(O)S(O)-, 
-C(OK -P(O)(C r C 20 al]cylK substituted or unsubstituted alkylidene, cycloalkylidene or 
alkylene. 

Examples of substituted or unsubstituted alkylidene are ethylidene, 1,1- and 2,2-propyli- 
dene, 2,2-butylidene, lj-isobutylidene, pentylidene, hexylidene, heptylidene, octylidene, 
dicbloroethylidene and Lrichloroethylidene. 

Examples of substituted or unsubstituted alkylene are methylene, ethylene, phcnylmethy- 
lene, diphenylmethylene and methylphenylmethylene. Examples of cycloalkylidene are 
cyclopentylidene, cyclohexylidene, cycloheptylidene and cyclooctylidene. 

Examples of bisphenols are bis(p-hydroxyphenyl) ether and thioether, bis(p-hydroxyphe- 
nyl) suifone, bis(p-hydroxyphenyl)methane, bis(4-hydroxyphenyl)-2,2*-biphenyl, phenyl- 
hydroquinone, l,2-bis(p-hydroxyphenyl)ethane, l-phenylbis(p-hydroxyphenyl)methane, 
diphenylbis(p-hydroxyphenyl)methane, diphenylbis(p-hydroxypheny!)ethane, bis(3.5- 
dimethyl-4-hydroxyphenyI) suifone, bis(3,5-dimethyl-4-hydroxyphenyl)-p-diisopropyl- 
benzene, bis(3,5-dimethyl-4-hydroxyphenyl)-m-diisopropylbenzene, 2,2-bis(3\5'-di- 
methyl-4*-hydroxyphenyl)propane, 1,1- and 2,2-bis(p-hydroxyphenyl)buiane, 2,2-bis(p- 
hydroxyphenyl)hexafluoropropane, 1,1-dichloro- and 1,1 J-trichloro-2,2-bis(p-hydrox>- 
phenyl)ethane, l,l-bis(p-hydroxyphenyl)cyclopentane and in particular 2,2-bis(p-hydro)iv - 
phenyl)propane (bisphenol A) and l,l-bis(p-hydroxyphenyl)cyclohexane (bisphenoi C) 

Suitable polyesters of hydroxycarboxylic acids are, for example, polycaprolactone, polypi- 
valolactone and the polyesters of 4-hydroxycyclohexanecarboxylic acid and 4-hydroxy- 
benzoic acid. 

Also suitable are polymers containing predominantly ester bonds, but which can also con- 
lain other bonds, for example polyester amides and polyesterimides. 

Polyesters with aromatic dicarboxylic acids have achieved the greatest importance, in par- 
ticular the polyalkylene terephthalates. Preference is therefore given to novel moulding 
compositions in which the polyester is built up from at least 30 mol%, preferably at least 
40 mol%, of aromatic dicarboxylic acids and at least 30 moi%, preferably at least 
40 mol%, of alkylenediols, preferably having from 2 to 12 carbon atoms, based on the 
polyester. 
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]n this case, the alley lenediol is in particular linear and contains from 2 to 6 carbon atoms, 
for example ethylene glycol, trimethylene glycol, tetramethylene glycol and hexamethy- 
lene glycol, and the aromatic dicarboxylic acid is in particular terephthalic acid and/or iso- 
phthalic acid. 

The novel process is likewise of particular interest when the polycondensate is a polyester. 

Particularly suitable polyesters are PET, PBT and corresponding copolymers, especial pre- 
ference being given to PET and its copolymers. The process also achieves particular im- 
portance in the case of PET recyclates, which are obtained, lor example, from bottle col- 
lections, for example collections by the drinks industry. These materials preferably com- 
prise terephthalic acid, 2,6-naphthalenedicarboxylic acid and/or isophthalic acid in combi- 
nation with ethylene glycol and/or l,4-bis(hydroxymethyl)cyclohexane. 

The term polycarbonate (PC) is taken to mean both fresh polycarbonate and recycled poly- 
carbonate. PC is obtained, for example, from bisphenol A and phosgene or a phosgene 
analogue, such as trichloromethyl chloroformate, triphosgene or diphenyl carbonate, by 
condensation, in the latter case generally with addition of a suitable transesterification 
catalyst, for example a borohydride, an amine, such as 2-methylimidazole or a quaternar> 
ammonium salt; besides bisphenol A, other bisphenol components can be used in addition, 
and monomers which are halogenated on the benzene ring can also be employed. Pamcu 
larly suitable bisphenol components which may be mentioned are 2,2-bis<4' -hydro* y- 
phenyDpropane (bisphenol A), 2,4'-dihydroxydiphenyImethane, bis(2-hydroxyphenyi>- 
methane, bis(4-hydroxyphenyl)methane, bis(4-hydroxy-5-propylphenyl)methane, 1,1-bis- 
(4'-hydroxyphenyl)ethane, bis(4-hydroxyphenyl)cyclohexylmethane, 2,2-bis(4 > -hydroxy- 
phenyl)- 1 -phenylpropane, 2,2-bis(3\5 , -dimethyl-4'-hydroxyphenyl)propane, 2,2-bis- 
(3\5*-dibromo-4'-hydroxyphenyl)propane, 2,2-bis(3\5'-dichloro-4'-hydroxyphenyl)pro- 
pane, l,l-bis(4'-hydroxyphenyl)cyclododecane, l>bis(3\5'-dimethyl-4*-hydroxy- 
phenyDcyciododecane, l,l-bis(4^hydroxyphenyl)-3,3.5-trimethylcyclohexane, 1,1-bis- 
(4'-hydroxyphenyl)-3,3,5,5-tetramethylcyclohexane, l,l-bis(4 t -hydroxyphenyl>3,3,5-tri- 
methylcyclopentane and the bisphenols mentioned above. The polycarbonates may fur- 
thermore be branched by small amounts of monomers having a functionality of more than 
two (examples as given above for the polyesters). 



The novel process is also of particular interest when the polycondensate is a polycarbo- 
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nate. 

The polycondensate copolymers or blends which can be used in the novel process are pre- 
pared in a conventional manner from the starting polymers. The polyester component is 
preferably PBT and the PC component is preferably a PC based on bisphenol A. The poly- 
esterrPC ratio is preferably from 95:5 to 5:95, a ratio in which one component makes up at 
least 75 % being particularly preferred. 

The invention achieves particular importance in the case of recycled polycondensates, as 
obtained from production waste, valuable material collections or return obligations, for 
example in the automobile industry or in the electrical sector Here, the recycled polycon- 
densates are thermally and/or hydrolytically damaged in a variety of ways. In addition, 
these recyclates can also contain minor amounts of admixed plastics having different 
structures, for example polyolefins, polyurethanes, ABS or PVC. These recyclates can 
also contain usual impurities, for example residues of dyes, adhesives, contact media or 
paints, traces of metal, traces of water, traces of oils and greases or inorganic salts. 

Sterically hindered hydroxyphenylalkylphosphonic esters and monoesters have been dis- 
closed, for example, in US-A-4 778 840 and are, for example, compounds of the formula I 




in which 

Rj is isopropyl, tert-butyl, cyclohexyl or cyclohexyl which is substituted by 1-3 C r C 4 - 
alkyl groups, 

R 2 is hydrogen, C r C 4 alkyl, cyclohexyl or cyclohexyl which is substituted by 1-3 C r C 4 - 
alkyl groups, 

R 3 is C r C 20 alkyl, or unsubstituted or C r C 4 alkyl-substi luted phenyl or naphthyl, 

R 4 is hydrogen, C r C 20 alkyl, unsubstituted or C r C 4 alkyl-substituted phenyl or naphthyl; 

or is -j— , 

M r+ is an r-valent metal cation, 
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n is I, 2, 3, 4, 5 or 6, and 
risl,2or3. 

C r C 20 alkyl substituents are radicals such as methyl, ethyl, propyl, butyl, pentyl, hexyl, 
octyl, siearyl or corresponding branched isomers; C 2 -C 4 alkyl radicals are preferred. 

C 1 -C 4 alkyl-subsututed phenyl or naphthyl, which preferably contains 1 to 3, in particular 
1 or 2, alkyl groups, is, for example, o- f m- or p-methylphenyl, 2,3-dimethylphenyl, 2,4-di- 
methylphenyl, 2,5-dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-di- 
methylphenyl, 2-methyl-6-ethylphenyl, 4-tert-butylphenyl, Z-ethylphenyL 2,6-diethylphe- 
nyl, 1-methylnaphthyl, 2-meihylnaphthyl, 4-methylnaphthyl, 1,6-dimethylnaphthyI or4- 
tert-butylnaphthyl. 

C r C 4 alkyI-substituted cyclohexyl, which preferably contains 1 to 3, in particular 1 or 2, 
branched or unbranched alkyl radicals, is, for example, cyclopentyl, methylcyclopentyl, 
dimethylcyclopentyl, cyclohexyl, methylcyclohexyl, dimethylcyclohexyl, trimethyicyclo- 
hexyl or tert-butylcyclohexyl. 

A monovalent, divalent or uivalent metal cation is preferably an alkali metal cation, alka- 
line earth metal cation, heavy-metal cation or aluminium cation, for example Na + , K + , 
Mg*~*\ Ca + +, Ba^\ Zn + + or Particular preference is given to Ca*+. 

Preferred compounds of the formula I are those which contain at least one tert-butyl group 
as R x or R 2 . Very particular preference is given to compounds in which R x and R 2 are 
simultaneously tert-butyl. 



n is preferably 1 or 2, very particularly preferably L 

Very particularly preferred sterically hindered hydroxyphenylalkylphosphonic 
monoesters are the compounds of the formula II and HI. 
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The compound of the formula II is commercially available as lrganox®1222 (Ciba-Geigy) 
and that of the formula III is commercially available as Lrganox®1425 (Ciba-Geigy). 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a stericaUy hindered 
hydroxyphenylalkylphosphonic ester or monoester are employed. 

Polyfunctional, in particular difunctional, compounds from the epoxide class in the sense 
of this invention can have an aliphatic, aromatic, cycloaliphatic, araliphatic or heterocyclic 
structure; they contain epoxide groups as side groups or these groups form part of an ali- 
cyclic or heterocyclic ring system. The epoxide groups are preferably bonded to the re- 
mainder of the molecule as glycidyl groups via ether or ester bonds, or the compounds are 
N-glycidyl derivatives of heterocyclic amines, amides or imides. Epoxides of these types 
are known in general terms and are commercially available. 

The epoxides contain, for example, two epoxide radicals, for example those of the formu- 
la IV 

/°\ 

CH— (CH 2 £- C CH (iy) 

R 5 R 6 R 7 

in which, when R 5 and R 7 are hydrogen, is hydrogen or methyl and p = 0; or, when R 5 
and R 7 together are -CH 2 -CH 2 - or -CH 2 -CH 2 -CH 2 -, R^ is hydrogen and p = 0 or 1, where 
these radicals are bonded directly to carbon, oxygen, nitrogen or sulfur atoms. 
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Examples of epoxides which may be mentioned are: 

1. Diglycidyl and di(P-methyiglycidyl) esters obtainable by reacting a compound contai- 
ning two carboxyl groups in the molecule and epichlorohydrin or glycerol dichlorohydrin 
or p-methylepichlorohydrin. The reaction is preferably carried out in the presence of 
bases. 

The compounds containing two carboxyl groups in the molecule can be aliphatic dicarbo- 
xylic acids. Examples of these dicarboxylic acids are giutaric acid, adipic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid or dimerized or trimerized linoleic acid. 

However, it is also possible to employ cycloaliphalic dicarboxylic acids, for example 
tetrahydrophthalic acid, 4 : rnethyltetrahydrophthalic acid, hexahydrophthalic acid or 4- 
methylhexahydrophthalic acid. 

It is also possible to use aromatic dicarboxylic acids, for example phthalic acid or iso- 
phthalic acid. 

2. Diglycidyl or di(Ji-methylglycidyl) ethers obtainable by reacting a compound contai- 
ning two free alcoholic hydroxyl groups and/or phenolic hydroxyl groups and a suitably 
substituted epichlorohydrin under alkaline conditions or in the presence of an acid catalyst 
followed by allcali treatment 

Ethers of this type are derived, for example, from acyclic alcohols, such as ethylene gly- 
col, diethylene glycol and higher poly(oxyethylene) glycols, propane- 1 ,2-diol, or poly- 
(oxypropylene) glycols, propane- 1,3-diol, butane- 1,4-diol, poly(oxytetramethylene) gly- 
cols, pentane-l,5-diol, hexane- 1 ,6-diol, sorbitol and from polyepichlorohydiins. 

However, they are also derived, for example, from cycloaliphalic alcohols, such as 1,3- or 
1 ,4-dihydroxycyclohexane, bis(4-hydroxycyclohexyl)methane, 2,2-bis(4-hydroxycyclo- 
hexyl)propane or l,l-bis(hydroxymethyl)cyclohex-3-ene, or they contain aromatic rings, 
such as N,N-bis(2-hydroxyethyl)aniline or p,p'-bis(2-hydroxyethylamino)diphenyl- 
methane. 

The epoxide compounds can also be derived from monocyclic phenols, for example from 
resorcinol, pyrocatecho! or hydroquinone; or they are based on polycyclic phenols, for 
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example on 4,4*-dihydroxybiphenyl, bis(4-hydroxyphenyl)methane, 2,2-bis(4-hydroxy- 
phenyl)propane, 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, 4,4*-dihydroxydiphenyl 
sulfone, 9,9'-bis(4-hydroxyphenyl)fluorene, or on condensation products of phenols with 
formaldehyde obtained under acid conditions, such as phenol novolaks. 

3. Di(N-glycidyl) compounds are obtainable, for example, by dehydrochlorinating the 
products of the reaction of epichlorohydrin with amines containing two amino hydrogen 
atoms. These amines are, for example, aniline, toluidine, n-butylamine, bis(4-amino- 
phenyl)rnethane, m-xylylenediamine or bis(4-methylaminophenyl)methane. 

However, the di(N-glycidyl) compounds also include N.N'-diglycidyl derivatives of 
cycloalkyleneureas, such as ethyleneurea or 1,3-propyIeneurea, and N,N*-diglycidyl deri- 
vatives of hydantoins, such as of 5,5-dirnethylhydantoin. 

4. Di(S-glycidyl) compounds, such as di-S-glycidyl derivatives derived from dithiols, for 
example ethane- 1,2-dithiol or bis(4-mercaptomethylphenyl) ether. 

5. Epoxides containing a radical of the formula IV in which R 5 and R 7 together are 
-CH 2 -CH 2 - and n is 0, for example bis(2,3-epoxycyclopentyl) ether, 2,3-epoxycyclopentyl 
glycidyl ether or l,2-bis(2,3-epoxycyclopentoxy)ethane; epoxides containing a radical of 
the formula IV in which R 5 and R 7 together are -CH 2 -CH 2 - and n is 1, for example (3\4*- 
epoxy-6'-methylcyclohexyl)methyl 3,4-epoxy-6-methylcyclohexanecarboxylate. 

The abovementioned difunctional epoxides can, for example owing to the production pro- 
cess, contain small amounts of monofunctional or Afunctional components. 

Predominant use is made of diglycidyl compounds containing aromatic structures. 

It may also be possible to employ a mixture of epoxides having different structures. 

On the other hand, Afunctional and polyfunctional epoxides can be added in addition to 
give branches if desired. Such epoxides are, for example, a) liquid bisphenol A diglycidyl 
ethers, such as Araldit®GY 240, Araldit®GY 250, Araldit®GY 260, Araldit®GY 266, 
Araldit®GY 2600, Araldit®MY 790; b) solid bisphenol A diglycidyl ethers, such as 
Araldit®GT 607 1 , AraIdit®GT 707 1 , Araldit®GT 7072, Araldit®GT 6063, 
Araldit®GT 7203, Araldit®GT 6064, AraIdit®GT 7304, Araldit®GT 7004. 
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Araldit®GT 6084, Araldit®GT 1999, Araldit®GT 7077, Araldil®GT 6097, 
AraJdit®GT 7097, AraIdit®GT 7008. AraJdit®GT 6099, Aialdit®GT 6608, 
Araldit®GT 6609, AraIdit®GT 6610; c) liquid bisphenol F diglycidyl ethers, such as 
Araldit®GY 281, Araldit®GY 282, Araldit®PY 302, Araldit®PY 306; d) solid polyglyci- 
dyl ethers of tetraphenylethane, such as CG Epoxy Resin®0163; e) solid and liquid poly- 
glycidyl ethers of phenol-formaldehyde novolak, such as EPN 1 138, EPN 1 139, GY 1 180, 
PY 307; f) solid and liquid polyglycidyl ethers of o-cresol-formaldehyde novolak, such as 
ECN 1235, ECN 1273, ECN 1280, ECN 1299; g) liquid glycidyl ethers of alcohols, such 
as Shell® glycidyl ether 162, Araldit®DY 0390, Araldit®DY 0391; h) liquid glycidyl- 
esters of carboxyiic acids, such as Shell®Cardura E terephthalates, trimellitates, 
Araldit®PY 284 or mixtures of aromatic glycidyl esters, for example Araldit®PT 910; 
i) solid heterocyclic epoxy resins (triglycidyl isocyanurate), such as Araldit®PT 810; 
j) liquid cycloaliphatic epoxy resins, such as Araldit®CY 179; k) liquid N,N,0-triglycidyl 
ethers of p-aminophenol, such as Araldit®MY 0510; 1) tetraglycidyl-4-4'-methylenebenz- 
amine or N,N.N*,N'-tetraglycidyl diaminophenylmethane, such as Araldit®MY 720 and 
Araldit®MY 721. 

The difuncuonal epoxides are particularly preferably diglycidyl ethers based on bisphe- 
nols, for example on 2,2-bis(4-hydroxyphenyl)propane (bisphenol A), bis(4-hydroxy- 
phenyl) sulfone (bisphenol S) or mixtures of bis(ortho/para-hydroxyphenyl)methane (bis- 
phenol F). 

Very particular preference is given to solid epoxides of the bisphenol A diglycidyl ether 
type, for example Araldit® GT 6071. GT 7071, GT 7072, GT 6097 and GT 6099 or liquid 
epoxides of the bisphenol F type, such as Araldit® GY 281 or PY 306. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a diepoxide are employed. 

Polyfunctional, in particular trifunctional, compounds from the oxazoline class in the 
sense of this invention are known and are described, for example, in EP-A-0 583 807 and 
are, for example, compounds of the formula V 
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N 



O 



> 



R 12 (V) 



in which R 8 , R9, R )0 and R n , independently of one another, are hydrogen, halogen, 
C r C 20 alkyl, C 4 -C 15 cycloalkyl, unsubstituted orC r C 4 alkyl-substituted phenyl, C,-C : 
alkoxy or C 2 -C 20 carboxyalkyl, 



R 12 is a trivalent linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms, 

which may be interrupted by oxygen, sulfur or ^-^13 , or R 12 is furthermore an unsub- 
stituted orC r C 4 alkyl-substituted benzenetriyl radical, 



R 12 is a divalent linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms, 

which may be interrupted by oxygen, sulfur or / N ~ R i3 , or R 12 is furthermore an unsub- 
stituted or C r C 4 alkyl- substituted phenylene radical, 
R 13 is C r C 8 alkyl, and 



Halogen is, for example, fluorine, chlorine, bromine or iodine, particularly preferably 
chlorine. 

C r C 20 alkyl is a branched or unbranched radical, for example methyl, ethyl, propyl, iso- 
propyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl, isopentyl, 1-methyl- 
pentyl, 1,3-dimethylbutyl, n-hexyl, l-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3-tetra- 
methylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethylhexyl, 
1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,5,5- 
hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, eico- 
syl or docosyl. A preferred meaning of R 8 , R^>, R 10 and R n is C r C 12 alkyl, in particular 
C r C 8 alkyl, for example C r C 4 alkyl. 



if t = 3, 



if t = 2, 



t is 2 or 3. 
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C 4 -C 15 cycloalkyl, in particular C 5 -C 12 cycloalkyl, is, for example, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclooctyl or cyclododecyL Preference is given to C 5 ~C 8 cyclo- 
alkyi, in particular cyclohexyl. 

C r C 4 alkyl-substituted phenyl which preferably contains 1 to 3, in particular 1 or 2, alkyl 
groups is, for example, o-, m- or p-methylphenyl, 2,3-dimethylphenyl, 2,4-dimethyl- 
phenyl, 2,5-dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3.5-dimethylphenyl, 
2-methyl-6-ethylphenyl, 4-tert-butylphenyl, 2-ethylphenyl or 2,6-diethylphenyl. 

C r C 20 alkoxy is a branched or unbranched radical, for example methoxy, ethoxy, propoxy, 
isopropoxy, n-butoxy, isobutoxy, pentoxy, isopentoxy, hexyloxy, heptyioxy, octyloxy, 
decyloxy, tetradecyloxy, hexadecyloxy or octadecyloxy. A preferred meaning of R 8 , R9, 
R 10 and R n is C r C 12 alkoxy, in particular C r C 8 alkoxy, for example C r C 4 alkoxy. 

C 2 -C 20 CarboxyalkyI is a branched or unbranched radical, for example carboxymethyl, car- 
boxyethyl, carboxy propyl, carboxybutyl, carboxypentyl, carboxyhexyi, carboxyheptyl, 
carboxyoctyl, carboxynonyi, carboxydecyl, carboxyundecyl, carboxydodecyl, 2-carboxy- 
1- propyl, 2-carboxy-l -butyl or 2-carboxy-l-pentyL A preferred meaning of R 8 , R 9 , Rio 
and R n is C 2 -C l2 carboxyalkyl, in particular C r C 8 carboxyalkyl, for example C 2 -C 4 car- 
boxyalkyl. 

A trivaient linear, branched or cyclic aliphatic radical having 1 to 1 8 carbon atoms, which 

may be interrupted by oxygen, sulfur or ^N- R i3 , means that the three bonds may be on 
the same or on different atoms. Examples thereof are methanetriyi, 1,1,1-ethanetriyl, 
1-,1,1-propanetriyl, 1,1,1-butanetriyl, 1,1,1-pentanetriyl, 1,1,1-hexanetriyl, 1,1,1-heptane- 
triyl, 1,1,1-octanetriyl, 1,1,1-nonanetriyl, 1,1,1-decanetriyl, 1,1,1-undecanetriyl, 1,1,1-do- 
decanetriyl, 1,2,3-propanetriyl, 1,2,3-butanetriyl, 1,2,3-pentanetriyl. 1,2,3-hexanetriyl, 
U,3-cyclopentanetriyl, 1,3,5-cyclohexanetriyl, 3-oxo-l,l,5-pentanetriyl > 3-thio-l,l,5-pen- 
tanetriyl or 3-methylamino-l,l,5-pentanetriyl. 

A divalent linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms, which 

may be interrupted by oxygen, sulfur or ^N-Ria , means that the two bonds may be on 
the same or on different atoms. Examples thereof are methylene, ethylene, propylene, bu- 
tylene, pentylene, hexyiene, heptylene, octylene, nonylene, decylene, undecylene or dode- 
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cylene. 



Unsubstituted or C r C 4 alkyl-substituted benzenetriyl, which preferably contains 1 to 3, in 
particular 1 or 2, alkyi groups, is, for example, 1,2,4-benzenetriyl, 1,3,5-benzenetriyl, 3- 
methyl- 1,2,4-benzenetriyl or 2-rnethyM,3,5-benzenetriyl. Particular preference is given to 
1,2,4-benzenetriyl and 1,3,5-benzenetriyL 

Of particular interest are compounds of the formula V in which 

R 8 , R 9 , R 10 and R n , indepednently of one another, are hydrogen or C,-C 4 alkyl; and 

R 12 is 1,2,4-benzenetriyl or 1,3,5-benzenetriyL 

Of especial interest are compounds of the formula V, for example 2,2\2"-(l ,3,5-benzene- 
triyl)tris-2-oxazoline; 2,2\2* , -(K2,4-benzenetriyl)tris-4,4-dimethyl-2-oxazoline; 2,2\2"- 
( 1 ,3,5-benzenetriyl)uis-4,4-dimethyl-2-oxazoline; 2,2\2* *-( 1 ,2,4-benzenetriyi)tris-5- 
methyl-2-oxazoline; or 2,2\2*M13,5-benzenetriyl)tris-5-melhyl-2-oxazoline. 

Preferred difunctional compounds from the bisoxazoline class in the sense of this inven- 
tion have been described by T. Loontjens et aL, Makromol. Chenru Macromol. Symp. 75. 
211-216 (1993) and are, for example, compounds of the formula 




H 



H 



H 



H 3 C 




H 3 C 



CH 3 



or 



H 



H 



H 



H 




H 



H 
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Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an oxazoline are employed. 
Further preferred bisoxazolines are described in F. BChme et aL, Die Angewandte Makro- 
molekulare Chemie 224. 167-178 (1995) and in DE-A-4 140 333. 

Polyfunctional, in particular difunctional, compounds from the oxazine or oxazolone class 
in the sense of this invention are known and have been described, for example, by H. Inata 
et ah, J. Applied Polymer Science Vol 32, 4581-4594 (1986) and are, for example, com- 
pounds of the formula Via or VIb 




in which 

R 14 is a direct bond or unsubstituted or Cj^alkyl-substituted phenylene. and 
R l5 and R 16 , independently of one another, are hydrogen or C,-C 4 alkyl. 

Special preference is given to compounds of the formula Via and VIb in which R 14 is a 
direct bond, in particular 2,2 T -bis(4H-3,l-benzoxazin-4-one). 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an oxazine or oxazolone are 
employed. 

Polyfunctional, in particular difunctional, compounds from the isocyanate class in the 
sense of this invention are known and are, for example, compounds of the formula VII 



0=C=N-R23-N=C=0 (VII) 
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in which is C r C 20 alkylene or polymethylene, arylene, aralkylene or cycloalkylene. 

Preferred diisocyanates are tetramethylene diisocyanate, hexamethylene diisocyanate, do- 
decamethylene diisocyanate, eicosane 1,20-diisocyanate, 4-butylhexamethylene diisocya- 
nate, 2,2,4- and 2,4,4-trimethylhexarnethylene diisocyanate, (X:N(CH 2 ) 2 0(CH 2 ) 2 NCO, 
toluene 2,4-diisocyanate, p-phenylene diisocyanate, xylylene diisocyanates, 3-isocyanato- 
methyl-3,5,5-trimethylcyclohexyI isocyanate, naphthalene diisocyanates, sulfonyi diiso- 
cyanates, 3,3'-, 4,4'- and 3,4*-diisocyanates of diphenylmethane, 2,2-diphenyIpropane and 
diphenyl ether, 3,3'-dimethyl-4,4'-diisocyanatobiphenyl, 3,3 , -dimethoxy-4,4 , -diisocyana- 
tobiphenyl and 4,4*-diisocyanatodiphenylmethane. 

These diisocyanates are commercially available or can be prepared from commercially 
available amines. 

However, it is also possible to employ diisocyanate generators, such as polymeric ure- 
thanes, uretdione dimers and higher oligomers, cyanurate polymers, urethanes and poly- 
meric urethanes of cyanurate polymers and thermally dissociable adducts of Setoffs 
bases. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an isocyanate are employed. 

Polyfunctional, in particular difunctional, compounds from the anhydride class in the 
sense of this invention are known and are, for example, compounds of the formula vm 



O 



O 



O 




o 



o 



in which is a radical of the formulae (Villa)- (Vlllj) 
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(Vllla) 



(Vlllb) 



(Vlllc) 



(vnid) 





^25 




(VHIe) 






(Vino 



(Vlllg) 



(Vlllh) 



(vnii) 





(vmj) 



in which is -CH 2 -. -CH(CH 3 )-, -C(CH 3 ) 2 -, -C(CF 3 ) 2 -, -S-, -O-, -(O)S(O)-, -NHCO- 
-CO- or -P(O)(C r C 20 alkyl)- and in which the aromatic rings in the formulae Vina to 
VHIe are unsubstituied or substituted by one or more C r C 6 alkyl groups, C r C 6 alkoxy 
groups or halogen atoms. 

An example of a Afunctional anhydride is mellitic anhydride. 



Preference is given to tetracarboxylic dianhydrides containing aromatic rings. These tetxa- 
carboxylic anhydrides are commercially available. 



It may also be possible to employ a mixture of tetracarboxylic dianhydrides having diffe- 
rent structures. 
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Based on 100 pans of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an anhydride are employed. 

Polyfunctional, in particular difunctional, compounds from the acyllactam class in the 
sense of this invention are known and are, for example, compounds of the formula IX 



O o 
il O O li 




in which s is a number from 1 to 16, in particular from 5 to 10, and 




-CH 2 -, -C(OK -P(0)(C r C 18 alkylK -(O)S(OK -O- or -S-. 



Trifunctional compounds from the acyllactam class in the sense of this invention are- 
known and aie, for example, compounds of the formula lXa 
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(IXa) 



in which z is a number from 1 to 16, in particular from 3 to 9, 

Preference is given to afunctional acyllactams of the formula IXa in which the lactam 
rings are caprolactam or laurolactam. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly 
preferably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an acyllactam are 
employed. 

Poly functional, in particular difunctional, compounds from the maleimide class in the 
sense of this invention are known and are, for example, compounds of the formula X 




O O 



in which 

R 2g is an aliphatic, aromatic, cycloaliphatic or heterocyclic radical; and 

R29 and R 30 , independently of one another, are hydrogen, C r C 4 aDcyl, C r C 6 alkoxy, 

phenyl or phenoxy. 

The aliphatic, aromatic, cycloaliphatic or heterocyclic radicals have a maximum of 40 car- 
bon atoms, can be unsubstituted or substituted, and can also be interrupted by -O-, -S-, 
-(CH 2 )^ 6 -, -C(O)- , -P(0)(C r C 18 alkyl)- or -(O)S(O)- (which represents the radical 
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O 
II 

S ). Examples of possible substituents are C,-C l8 alkyl, C r C lg alkoxy, 

O 

hydroxy 1, phenyl and phenoxy. 

An aliphatic radical R 2 g is, for example, a C r C J8 polymethylene radical, which can be de- 
rived from alkyl radicals, such as methyl, ethyl, n-propyl, n-butyl, sec-butyl, tert-butyi, n- 
hexyl, n-octyl, 2-ethylhexyI, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetra- 
decyl, n-hexadecyl or n-octadecyl, or from further branched isomers. 

An aromatic radical R 28 is, for example, a radical having 6-40 carbon atoms, such as 
phenylene, biphenylene or naphthylene or represents phenylene or biphenylene radicals 
linked by one of the groups such as -O-, -S- T -(CH 2 )j. 6 -, -C(O)-, -P(0)<C r C 18 alkyl)- or 
-(O)S(OK 

A cycloaliphatic radical R 28 is, for example, a radical having 5-10 carbon atoms, such as 
cyclopentylene, cyclohexylene or cyclooctylene. 

A heterocyclic radical is, for example, an N-containing 5- or 6-membered ring, such 
as pyridylene, pyridazylene or pyrazolylene. 
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-C(OK -P(0)(C,-C 18 alkylK -(O)S(O)-, -O- or -S-. 

R^ and R 30 , independently of one another, are preferably hydrogen or C,-C 4 alkyl; is 
particularly preferably hydrogen and R30 is panicularly preferably hydrogen or methyl; 
and R 29 and R 30 are very particularly preferably hydrogen. 

Very particular preference is given to compounds of the formula 




Bismaleimides are obtained by reacting diamines with maleic anhydride, and some are 
commercially available. Further suitable bismaleimides are described in WO-A-93/24 488 
(T.C. Morton et at). 

Based on 100 parts of polycondensate. preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a maleimide are employed. 

Polyfunction^ compounds from the alcohol class in the sense of this invention are known 
and are. for example, pentaerythritol, dipentaerythritol, tripentaerythritol, bistrimethylol- 



WO 96/11978 



PCT/EP95/03937 



-25- 



propane, bistrimethyJolethane, trismethylolpropane, sorbitol, rnaltitol, isomaltitol, lactitol, 
lycasine, mannitol, lactose, leucrose, tris(hydroxyethyl) isocyanurate, palatinitol, tetra- 
methylolcyclohexanol T tetrarnethylolcyclopentanol, tetramethylolcyclopyranol, glycerol, 
diglycerol, polyglycerol or 1-0-a-D-glycopyranosyl-D-mannitol dihydrate. Particular pre- 
ference is given to pentaerythritol, dipentaerythritol and tris(hydroxyethyl) isocyanurate. 



Based on 100 parts of polycondensate, preferably from 0.01 to 5 pans, particularly prefe- 
rably from 0.02 to 2 parLs T in particular from 0.05 to 1 part, of a polyfunctional alcohol are 
employed. 

Polyfunctional, in particular difunctional, compounds from the carbodiimide class in the 
sense of this invention are known and are, for example, compounds of the formula XI 



W^N = C = N — FU," 



N = C = N-R 42 -X 2 (XI) 



in which 

R 40 > R41 and R 42 , independently of one another, are C r C 12 alkylene, C 6 -C, 3 cycloalkylenc 
or unsubstituted or C 1 -C 4 alkyl-substituted phenylene or naphthylene, 

Xj and X 2 , independently of one another, are hydrogen, -NH-CO-N or -NH-CO-OR45 

where 

R43, R44 and R4 5 , independently of one another, are C r C 12 alkyl, C 6 -C 13 cycloalkyl or 
unsubstituted or C r C 4 alkyl-substituted phenyl or naphthyl, and 
v is a number from 0 to 100. 

C r C 12 Alkylene is a branched or unbranched radical, for example methylene, ethylene, 
propylene, tetramethylene, pentamethylene, hexamethylene, heptamethylene, octamethy- 
lene, decamethylene or dodecamethylene. A preferred meaning of R 43 , R44 and R45 is, for 
example, C 2 -C 10 aJkylene, in particular C 2 -C 8 alkylene. 

C 6 -C 13 Cycloalkylene is a saturated hydrocarbon group having two free valences and con- 
taining at least one ring unit and is, for example, cyclohexylene, cycloheptylene or cyclo- 
octylene. Preference is given to cyclohexylene. 
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Unsubstituted or C r C 4 alkyl-substituted phenylene or naphthylene is, for example, 1,2-, 
1,3- or 1,4-phenylene or 1,2-, 1,3-, 1,4-, 1,6-, 1,7-, 2,6- or 2,7-naphthylene. 1,4-Phenylene 
is preferred. 

C r C 12 Alkyl is a branched or unbranched radical, for example methyl, ethyl, propyl, iso- 
propyl, n-butyl, sec-butyl, isobutyl, ten-butyl, 2-ethylbutyl, n-pentyl t isopentyl, 1-methyl- 
pentyl, 1,3-dimethylbutyl, n-hexyl, l-methylhexyl T n-heptyl, isoheptyh 1. 1.3,3- tetra- 
methylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-eihylhexyl, 1,1,3-irimethylhexyl 
or 1,1 ,3,3-tetramethylpentyL 

C 6 -C l3 Cycloalkyl is, for example, cyclohexyl, cycloheptyi, cyclooctyl or cyclododecyl. 
Preference is given to C 6 -C 8 cycloalkyl, in particular cyclohexyl. 

C r C 4 Alkyl-substituted phenyl or naphthyl, which preferably contains 1 to 3, in particular 
1 or 2, alkyl groups, is, for example, o-, m- or p-methylphenyl, 2,3-dimethylphenyl, 2,4-di 
methylphenyl, 2,5-dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3.5-di- 
methylphenyl, 2-methyl-6-ethylphenyl, 4-tert-butylphenyl, 2-ethylphenyl 2,4,6-iriisopro- 
pylphenyl, 2,6-diethylphenyl, 2-methylnaphthyl or 1-methylnaphthyL 

An especially preferred carbodiimide is poly(2,4,6-misopropyl-l,3-phenylenecarbodi- 
imide) of the formula XIa 




(XIa). 



A further especially preferred carbodiimide is commercially available as stabilizer 
(manufacturer. Raschig, Germany) of the formula Xlb 
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N = C = N 



H 3 C^ ^CH 3 



H 3 C^ 




(Xlb). 



CI-L 



Further suitable carbodiimides are described in EP-A-0 623 589 andin EP-A-0 628 54 1. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 pan, of a polyfunctional carbodi- 
imide are employed. 

Polyfunctional compounds from the ester class in the sense of this invention are known 
and are described, for example, in EP-A-0 565 487. Preferred polyfunctional esters are, for 
example, compounds of the formula XII 




n 52 



(XII) 



— 9 w 



in which 

R50 is C r C 18 allcyl, C 5 -C 12 cycloalkyl, phenyl or C 7 -C 9 phenylalkyl, 

R 51 is hydrogen, C r C ]8 alkyl, C 5 -C 12 cycloalkyl, phenyl or Cy-C^phenylalkyl, 

q is 0, 1 or 2, 



R 



51 



Q is-CJH^-, -CH 2 -CH- or 




HO — <^V-C-CH, 



H 3 C C - 



I 

CFU 



, where R 5l is as defined 



above, 

m is an integer in the range from 0 to 3, 
R 53 is C r C 8 alkyl, and 
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w is an integer in the range from 2 to 6, where, 



if n = 2, 



-CH 2 



R 52 is a divalent radical of a hexose, a divalent radical of a hexitol, -CH 2 -C-CH 2 OH ^ 



CH 2 OH 



-CH 2 -C=C-CH 2 - or <^ [ ^ • or 




if n=3, 



CH 2 CH 2 - 

R 52 is a trivalent radical of a hexose, a trivalent radical of a hexitol, _ CH2C h 2 _n. C h 2 CH 2 - 



I 

CH 2 -CH-CH3 
or I .or 

CH 3 -CH-CH 2 -N-CH 2 -CH-CH 3 



if n = 4, 



r is a tetravalent radical of a hexose, a tetravalent radical of a hexitol, 

CH 2 -CH-CH 3 — CH o 



I 

CH 3 -CH-CH 2 

C 4 -C 10 alkanetetrayl, VcHzC^-N 
CH 3 -CH-CH/ 



C H 2 -C H -C 



■ ^ 



or 



-CH 2 




or 



if n = 5, 



R 52 is a pentavalent radical of a hexose or a penlavalent radical of a hexitol or 
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if n = 6, 



-CH 2 



CH 2 - 



R 52 is a hexavalent radical of a hexitol or -CH 2 -C-CH 2 -0-CH 2 -C-CH 2 - 

-CH 2 CH 2 - 



C r C lg alkyl is a branched or unbranched radical, for example methyl, ethyl, propyl, iso- 
propyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethyIbutyl, n-pentyi, isopentyl, 1-methyl- 
pentyl, 1,3-dtmethylbutyl, n-hexyl, l-methylhexyl, n-heptyl, isohepiyl, 1,1,3,3-tetra- 
methylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethyIhexyl, 1,1,3-trimethylhexyl, 
1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,5,5- 
hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octadecyl. 
One of the preferred meanings of R 50 and R 51 is C r C 8 akyI, in particular Cj^alkyl, for 
example tert-butyl. 

C 5 -C l2 cycloalkyl is, for example, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclo- 
decyl or cyclododecyl. One of the preferred meanings of and R 51 is C 5 -C7cycloalkyl. 
Particular preference is given to cyclohexyl. 

C 7 -C 9 phenylalkyl is, for example, benzyl, a-methylbenzyl, a,a-dimethylbenzyl or 2- 
phenylethyl. Benzyl is preferred. 

If, for w = 2 to 6, R 52 is a w-valent radical of a hexose, this is derived, for example, from 
allose, altrose, glucose, mannose, gulose, idose, galactose or talose, i.e. in order to obtain 
the corresponding compounds of the formula XII, one, two, three, four, five or six -OH 
groups must be replaced by the ester group E-1, 



R, 



l 50 




in which R^, R 51 , q and Q are as defined above. For example, R 52 can, for w = 5, be a 
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CH 2 0- 




H A 8 rou P- 



H O- 



If R 52 is the w-valent radical of a hexitol, the corresponding compounds of the formula XII 
are obtained by replacing w -OH groups by the abovementioned es.er group E-l. R 52 can, 

A 

hexavalent radical of a hexitol be, for example, -0-CH 2 -CH-c!h-CH-CH-CH 2 -0- . This 

o o o 



as a 



group is derived from D-sorbitol. 

Preferred compounds of the formula XII are also, for example. 




(CH 3 ) 3 C 



O 
II 



CH 2 CH 2 -C-0-CH 2 C 



— ' 4 



(CH 3 ) 3 C 



(CH^C 



C^CHg-C-O-C^CHg-O-CHa — 



— '2 



(CH 3 ) 3 C 




O 
ii 



CH 2 CH 2 -C-0-CH 2 CH 2 



(CH 3 ) 3 C 



-J 2 



(CHa) 3 C 
(CH 3 ) 3 C 



O 
II 



-CH 2 CH 2 -C-0-CH 2 - 



CH 5 
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OH 




C(CH3) 3 



O 
II 

CH^C-O-CHjr 



or 



CH 3 




C(CH3) 3 



2 



A particularly preferred compound of the formula XII is pentaerythrityl tetrakis[3-(3,5-di- 
tert-butyl-4-hydroxyphenyl)propionate] [Irganox® 1010 (Ciba-Geigy AG)]. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a polyfunctional ester are 
employed. 

It may also be possible to employ a mixture of various polyfunctional compounds. 

In addition to the sterically hindered hydroxyphenylalkylphosphonic ester or monoester 
and the polyfunctional compound, further stabilizers can be added to the polycondensate. 
These further stabilizers are known in general terms to the person skilled in the art and are 
selected with respect to the specific requirements of the final product. In particular, light 
stabilizers or antioxidants or further antioxidants can be added ("Plastics Additives Hand- 
book", Ed. R. GSchter and H. Muller, Hanser Verlag, 3rd Edn., 1990; in particular pp. 
88/89, 92/94, 251/252 and 258/259). It is likewise possible to add further additives, for 
example lubricants, mould-release agents, fillers or reinforcing materials, for example 
glass fibres, flameproofing agents, antistatics and, in particular in the case of PBT/PC re- 
cyclates, additives which prevent transesterification during processing. 

The following may be mentioned as being particularly suitable: 

I . Antioxidants 



1.1, Alkylated monophenols , for example 2,6-di-tert-butyl-4-methyIphenol, 2-tert-butyl- 
4,6-dimethylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 
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2,6-di-tert-butyl-4-isobutylphenol, 2,6-dicyclopenty!-4-methylphenol, 2-(aTmethylcyclo- 
hexyl)-4 r 6-dimethylphenol, 2,6-dioctadecyl-4-methylphenol, 2A6-tricyclohexylphenol, 
2,6-di-tert-butyl-4-methoxymethyiphenoI, nonylphenols which are linear or branched in 
the side chains, for example, 2,6-di-nonyl-4-methylphenol, 2,4-dimethyl-6-(l'-methyl- 
undec-l-yl)phenol, 2,4-dimethyl-6-(l , -methylhepiadec-l , -yl)phenol, 2,4-dimethyl-6-(l- 
methyltridec-r-yl)phenol and mixtures thereof. 

1.2. Alkvlthiomethylphenols , for example 2,4-dioctylthiomethyl-6-terl-butylphenol, 
2 > 4-dioctylthiomethyl-6-methylphenoI, 2Adioctylthiomethy]-6-ethylphenol t 2,6-di-do- 
decylthiomethyl-4-nonylphenoL 

1.3, HvdroQuinones and alkyiated hydroquinones , for example 2,6-di-tert-butyl-4- 
methoxyphenol, 2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-di- 
phenyl-4-octadecyloxyphenol, 2,6-di-tert-butylhydroquinone, 2,5-di-tert-buty]-4-hydroxy- 
anisole, 3,5-di-ten-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyphenyl stearate, 
bis-(3,5-di-tert-butyl-4-hydroxyphenyl) adipate. 



HO 



1 .4. Chroman derivatives of the formula I jj \S , where R is 



-(CH 2 ) 3 -CH(CH3)-(CH 2 )3-CH(CH3)-(CH 2 )3-CH-(CH 3 ) 2 or ; CH 2 -CH 2 -0-C(0)-Z, and Z is 

R 

C r C 18 alkyl, -CH r CH 2 -S-C 1 -C 18 alkyl or CH 2 ^ OH m6 R > and R" are 

R" 

hydrogen, methyl or ten-butyl, for example a-tocopheroi, p-tocopherol, -/-tocopherol, 
5-tocopherol and mixtures thereof (vitamin E). 

1.5. Hvdroxvlated thiodiphenvl ethers , for example 2,2'-thiobis(6-tert-buty]-4-methyl- 
phenol), 2,2*-thiobis(4-octylphenol), 4,4 , -thiobis(6-ten-bucyI-3-methylphenol), 4,4^thio- 
bis(6-tert-butyl-2-methylphenol),4,4 , -thiobis-(3 t 6-di-sec-amylphenol), 4 > 4 , -bis-(2,6-dim- 
ethyl-4-hydroxyphenyl) disulfide. 
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1.6. AJkylidenebisphenols . for example 2,2'-methylenebis(6-tert-butyl-4-raethylphenoI), 
2,2'-meihylenebis(6-tert-butyl-4-ethylphenol), 2,2'-methylenebis[4-melhyl-6-(a-methyl- 
cy clobexy l)phenol] , 2,2 * -me thy lenebis(4-methyl-6-cyclohexy lphenol), 2,2 '*me thylene- 
bis(6-nonyW-methylphenol), 2,2'-methylenebis(4,6-di-tert-butylphenol), 2,2*-ethylidene- 
bis(4,6-di-tert-butylphenol), 2,2'-ethylidenebis(6-tert-butyI-4-isobutylphenol), 2,2'-methy- 
lenebis[6-(a-methylbenzyI)-4-nonylphenol], 2,2 , -methylenebis[6-(a,a-dimethylbenzyl)- 
4-nonylphenol], 4,4*-methylenebis(2,6-di-tert-butylphenol), 4,4 , -methylenebis(6-tert- 
butyl-2-methylphenol), U-bis(5-tert'butyl-4-hydroxy-2-methylpheny])buiane, 2,6-bis(3- 
tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol, 1 , 1 ,3~tris(5-tert-butyl-4-hydroxy- 
2-methylphenyl)butane, l,l-bis(5-ien-butyl-4-hydroxy-2'methyl-pheoyl)-3-n-dodecylmer- 
captobutane, ethylene glycol bis[3,3-bis(3Meit-butyl-4'-hydroxyphenyl)butyrate], bis(3- 
terl-butyl-4-hydroxy-5-methyl-phenyl)dicyclopentadiene, bis[2-(3 , -tert-butyl-2*-hydroxy- 
5 , -methyibenzyl)-6-tert-butyl-4-meLhylphenyl]terephthalate, l,l-bis-(3,5-dimethyl-2- 
hydroxyphenyl)butane, 2,2-bis-(3,5-di-tert-butyI-4-hydroxyphenyl)propane t 2,2-bis-(5- 
tert-butyl-4-hydroxy2-methylphenyl)-4>n-dodecylmercaptobutane, l,l,5;5-tetra-(5-tert- 
butyl-4-hydroxy2-methylphenyl)pentane. 

3.7. O. N- and S-benzyl compounds , for example 3,5,3\5 , -tetra-tert-butyl-4,4 , -dihydroxy- 
dibenzyl ether, octadecyl-4-hydroxy-3,5-dimethylbenzyimercaptoacetate, tridecyl-4- 
hydroxy-3,5-di-tert-butylbenzylmercaptoacetate, tris(3,5-di-tert-buiyl-4-hydroxybenzy])- 
amine, bis(4-ten-butyl-3-hydroxy-2,6-dimethylbenzyl)dithioterephthalaie, bis(3,5-di-tert- 
butyl-4-hydroxybenzyl)sulfide, isooctyl-3,5di-tert-butyl-4-hydroxybenzylmercaptoacetate. 

1.8. Hydroxybenzylated malonates , for example dioctadecyl-2,2-bis-(3,5-di-tert-butyl-2- 
hydroxybenzyl)-malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methyIbenzyl)-malo- 
nate, di-dodecylmercaptoethyl-2,2-bis-(3^-di-tert-butyl-4-hydroxybenzyl)malonate, bis- 
[4-( 1 , 1 ,3,3-tetramethylbutyl)phenyl]-2^-bis(3,5-di-tert«butyl-4-hydroxybenzyl)malonate. 

1.9. Aromatic hydroxvbenzyl compounds , for example l^S-tris-^S-di-tert-butyl^-hy- 
droxybenzyl)-2,4,6-trimethylbenzene, l,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)- 2,3,5,6- 
tetramethylbenzene, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)phenol. 

1.10. Triazine Compounds , for example 2,4-bis(octylmercapto)-6-(3;5-di-tert-butyl-4- 
hydroxyanilino)-l,3,5-triazine, 2-octylmercapto-4,6-bis(3 r 5-di-ten-butyl-4-hydroxy- 
anilino)-1.3,5-triazine, 2-octylmercapto-4,6-bis(3,5-dt-tert-butyl-4-hydroxyphenoxy> 
1,3,5-lriazine, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-l,2,3-triazine, 1 ,3,5-tris- 
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(3,5-di-tert-butyl-4-hydroxybenzyi)isocyanurate, l,3,5-tris(4-tert-butyl-3-hydroxy-2,6-di- 
methylbenzyl)isocyanurate, 2,4 t 6-tris(3,5-di-tert-buty]-4-hydroxyphenylethyl)-l t 3,5-tri- 
azine, 1 T 3,5-tris(3,5-di-tert-butyI-4-hydroxyphenylpropionyl)»hexahydro-l ,3,5-triazine, 
l,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)isocyanurale. 

■ UL Benzylphosphonates , for example dimethyl-2,5-di-tert-butyl^hydroxybenzylphos- 
phonate, diethyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyI3,5-di-tert- 
butyl-4-hydroxybenzylphosphonate, diomdecyl-5-tert-butyl-4-hydroxy3-methyibenzyl- 
phosphonate, the calcium salt of the monoethyl ester of 3,5-di-tert-butyl-4-hydroxybenzyl- 
phosphonic acid. 

1.12. Acy lanunoohenols , for example 4-hydroxylauranilide, 4 : hydroxystearanilide, octyl 
N-(3.5-di-tert-butyl-4-hydroxyphenyl)carbamate. 

LI 3. Esters of B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with mono- or poly- 
hydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexane- 
diol, 1,9-nonanediol, ethylene glycol, 1 ,2-propanediol, neopentyl glycol, thiodiethylene 
glycol, diethylene glycol, methylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanu- 
rate, RN'-bisChydroxyethyOoxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethyl- 
hexanediol, trimethylolpropane, 4-hydroxymethyl-l -phospha-2,6,7-trioxabicyclo[2.2.2]- 
octane. 

1. 14. Esters of B-(5-tert-butvl-4-hvdroxv-3-methvlDhenvl)Dr opionic acid with mono- or 
polyhydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6- 
hexanediol, 1,9-nonanediol, ethylene glycol, 1 ,2-propanediol, neopentyl glycol, thiodi- 
ethylene glycol, diethylene glycol, methylene glycol, pentaexythritol, tris(hydroxyethyl) 
isocyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-lhiapentadecanol, tri- 
methylhexanediol, trimethylolpropane, 4-hydroxymethyl-l-phospha-2,6,7-trioxabicyclo- 
{2.2.2]octane. 

1.15 Esters of !M33-dicvclohexyl-4-hvdroxyphe nvnDropionic acid with mono- or poly- 
hydric alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanedioi, 1,9- 
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, di- 
ethylene glycol, methylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'- 
bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, tri- 
methylolpropane, 4-hydroxymethyl-l-phospha-2,6,7-lrioxabicyclo[2.2.2]ocune. 
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1.16. Esters of 3,5-di-tert-butyl-4-hydroxyphenyl acetic acid with mono- or polyhydric 
alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonane- 
ijiol, ethylene glycol, 1 ,2-propanediol T neopentyl glycol, thiodiethylene glycol, diethylene 
glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyI)isocyanurate, N,N*-bis- 
(hydroxyethyl)oxamide, 3-thiaundecanoL 3-thiapentadecanol, trimethylhexanediol, tri- 
methylolpropane, 4-hydroxymethyl-l-phospha-2,6,7«trioxabicyclof2.2.2]octane. 

1.17. Amides of {H3,5-di-tert-butvI-4-hydroxyphenvl)propionic acid e.g. N,N*-bis(3,5-di- 
tert-butyl-4-hydroxyphenylpropionyl)hexamethylenediamine, N,N*-bis(3,5-di-tert-butyI- 
4-hydroxyphenylpropionyl)trimethylenediamine t N,N*-bis(3,5-di-tert-butyI-4-hydroxy- 
phenylpropionyl)hydra2ine. 

1.18. Ascorbic acid (vitamin C) 

LI 9. Aminic antioxidants , for example N,N*-di-isopropyl-p-phenylenediamine, N,N'-di- 
sec-butyl-p-phenylenediamine, N,N'-bis(l ,4-dimethylpentyl)-p-phenylenediamine, N.N"- 
bis(l-ethyl-3-methylpentyl)-p-phenylenediamine, N,N T -bis(l-methylheptyl)-p-phenylenc- 
diamine, I^N'-dicyclohexyl-p-phenylenediaraine, N,N*-diphenyl-p-phenylenediamine. 
N,N , -bis(2-naphthyl)-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine. 
N-(13-dimethylbutyl)-N*-phenyl-p-phenylenediamine, N-(l-methylheptyl)-N*-phenyI-p 
phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-toluenesulfamo\! » 
diphenylamine, N,N , -dimethyl-N,N'-di-sec-butyl-p-phenylenediamine, diphenylamine, 
N-allyldiphenylamine, 4-isopropoxydiphenylamine, N-phenyl-l-naphlhylamine, N-(4- 
tert-octylphenyl)-l-naphthylamine, N-phenyl-2-naphthylamine, octylated diphenylamine, 
for example p,p*-di-tert-octyldiphenylamine, 4-n-butylaminophenol, 4-butyrylaminophe- 
nol, 4-nonanoylamino-phenol, 4-dodecanoylaminophenol, 4-octadecanoylarainophenol, 
bis(4-methoxyphenyl)amine, 2,6-di-tert-butyl-4-dimethylaminomethylphenol t 2,4* -di- 
aminodiphenylmethane, 4,4*-diaminodiphenylmethane, N,N,N\N*-tetiamethyl-4,4'-di- 
aminodiphenylmethane, l,2-bis[(2-methylphenyl)amino]ethane, I,2-bis(phenylamino)pro- 
pane, (o-tolyl)biguanide, Bis[4-(l\3 , -dimethylbutyl)phenyl]amine, tert-octylated N- phe- 
nyl- 1-naphthylamine, a mixture of mono- and dialkylated tert-butyl/tert-octyldiphenyl- 
amines, a mixture of mono- and dialkylated nonyldiphenylamines, a mixture of mono- and 
dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopropyl/isohex- 
yldiphenylamines, a mixture of mono- und dialkylated tert-butyldiphenylamines, 2,3-di- 
hydro-3,3-dimethyl-4H-l,4-benzothiazine, phenothiazine, a mixture of mono- und dialky- 
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lated lerl-butyi/tert-ociylphenothiazines, a mixture of mono- und dialkylated tert-octyl- 
phenothiazines, N-allylphenothiazin, N,N,N\NMetraphenyl-l,4-diaminobut-2-ene, N,N- 
bis(2,2,6,6-tetrarnethyl-piperid-4-yi-hexamethylenediamine, bis(2,2,6,6-tetramethylpipe- 
rid-4-yl)sebacate, 2,2,6,6-tetramethylpiperidin-4-one. 2,2,6,6-tetramethylpiperidin-4-ol. 

2. UV absorbers and light stabilisers 

1. 1. 2-(2'-Hvdroxvohenynbenzotriazoles . for example 2-(2'-hydroxy-5'-methylphenyl)- 
benzotriazole,2-(3 , ,5'-di-tert-butyl-2'-hydroxyphenyl)benzoiria2ole.2-(5'-tert-butyl-2'- 
hydroxyphenyDbenzotriazole. 2-(2*-hydroxy-5'-(l,l,3,3-tetramelhylbutyl)phenyl)benzo- 
iriazole, 2-(3' ,5'-di-tert-butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl- 
2'-hydroxy-5'-methylphenyl)-5-chloro-benzotriazole.2-(3'-sec-butyl-5'-ten-butyl-2'- 
hydroxyphenyl)benzotriazole, 2-(2'-hydroxy-4'-octyloxyphenyl)benzotriazole. 2-(3\5'- 
di-ten-amyl-2'-hydroxyphenyl)benzotriazole, 2-(3\5%bis-(a,a-dimethylbenzyl)-2'- 
hydroxyphenyDbenzotriazole, mixture of 2-(3 , -tert-butyl-2*-hydroxy-5 -(2-octyloxycar- 
bonylelhyl)phenyl)-5-chloro-benzotriazole, 2-(3-ten-butyl-5 , -[2-(2-ethylhexyloxy)-car- 
bonylethyl]-2 , -hydroxyphenyl)-5-chloro-benzotriazoJe,2-(3 , -tert-buiyl-2'-hydroxy-5 , -(2- 
methoxycarbonylethyl)phenyl)-5-chloro-benzoiriazole,2-(3"-iert-butyl-2*-hydroxy-5'-(2- 

methoxycarbonylethyl)phenyl)benzotriazole, 2-(3 , -tert-butyl-2 , -hydroxy-5'-(2-octyl- 
oxycarbonyleihyl)phenyl)benzotriazole,2-(3'-tert-butyl-5-[2-(2-ethylhexyloxy)carbonyl 
elhyl]-2--hydroxyphenyl)benzotriazole, 2-(3'-dodecyl-2 , -hydroxy-5 , -methylphenyl)bcn/.» 
triazole, and 2-(3 , -tert-butyl-2'-hydroxy-5 , -(2-isooctyloxycarbonylethyl)phenylbcnzotri- 
azole, 2,2 -methylene-bis[4-(l,l 3.3-tetramethylbutyl)-6-benzoiriazole-2-ylphenoH: the 
transesterification product of 2-[3'-tert-butyl-5 , -(2-methoxycarbonylethyl)-2 , -bydroxy- 
phenyl]-2H-benzotriazole with polyethylene glycol 300; [R-CHjCHj-CCXKCH^^- . 
where R = 3 , -tert-butyl-4*-hydroxy-5 , -2H-benzotriazol-2-ylphenyL 

2.2. 2-HvdroxY hf * n7nnhenones - for example the 4-hydroxy, 4-methoxy, 4^octyloxy, 4-de- 
cyloxy, 4-dodecyloxy, 4-benzyloxy, 4,2\4'-trihydroxy and 2 > -hydroxy-4,4'-dimethoxy 
derivatives. ^ 

23, Esters of substituted and unsubstituied benzoic acids , as for example 4-tertbutyl- 
phenyl salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4- 
tert-butylbenzoyl) resorcinol, benzoyl resorcinol, 2,4-di-tertbutylphenyl 3.5-di-tert-butyl- 
4-hydroxybenzoate, nexadecyl 3,5-di-tert-bulyl-4-hydroxybenzoate, octadecyl 3,5-di-tert- 
butyl-4-hydroxybenzoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxy- 
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benzoate. 

2.4. Acrylates, for example ethyl a-cyano-p,|}-diphenylacrylate, isooctyl ct-cyano-(3,p-di- 
phenylacrylate, methyl a-carbomethoxycinnamate, methyl ct-cyano-p-methyl-p-raethoxy- 
cinnamate, butyl a-cyano-p-methyl-p-methoxy-cinnamate, methyl a-car borne thoxy-p- 
methoxycinnamate and N-(p-carbomethoxy-P-cyanovinyI>2-methylindoline. 

2.5. Nickel compounds , for example nickel complexes of 2,2 t -thio-bis-[4-(l,l,3,3-tetra- 
methylbutyDphenol], such as the 1:1 or 1:2 complex, with or without additional ligands 
such as n-butylamine, triethanolamine or N-cyclohexyldiethanolamioe, nickel dibutyldi- 
thiocarbamate, nickel salts of the monoalkyl esters, e.g. the methyl or ethyl ester, of 4- 
hydroxy-3,5-di-tert~butylbenzyIphosphonic acid, nickel complexes of ketoximes, e.g. of 
2-hydroxy-4-methylphenyl undecylketoxime, nickel complexes of l-phenyl-4-lauroyl-5- 
hydroxypyrazole, with or without additional ligands. 

2.6. Sterically hindered amines , for example bis(2^,6,6-tetramethyl-4-piperidyl)sebacate, 
bis(2,2,6,6-tetramethyl-4-piperidyl)succinate, bis(l,2,2,6,6-pentamethyl-4-piperidyl)seba- 
cate, bis(l-octyloxy-2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(l,2,2,6,6-pentamethyl- 
4-piperidyl) n-butyl-3,5-di-tert-butyI-4-hydroxybenzylmalonate, the condensate of l-(2- 
hydroxyethyl)-2,2,6,6-teLramethyl-4-hydroxypiperidine and succinic acid, the condensate 
of N,N'-bis(2,2,6,6-teu-amethy]-4-piperidyl)hexamethyJenediamine and 4-terl-octyl- 
amino-2,6-dichloro-l,3,5-triazine T tris(2,2,6,6-tetramethy]-4-piperidyl)niuilotriacetate, 
tetrakis(2,2,6,6-tetramethyl-4-piperidyl)- 1,2,3 ,4-butane-tetracarboxylate, 1 , V -(1 ,2-ethane- 
diyl)bis(33,5^-tetramethylpiperazinoneX 4-benzoyi-2,2,6,6-tetramethylpiperidine, 4- 
stearyloxy-2,2,6,6-tetramethylpiperidine, bis(l^,2,6,6-pentamethylpiperidyI)-2-n-butyl- 
2-(2-hydroxy-3,5-di-tert-butylbenzyl)malonate, 3-n-octyl-7,7,9,9-tetramethyl-l,3,8-triaza r 
spiro[4.5]decan-2,4-dion, bis(l-octyloxy-2,2,6,6-tetramethylpiperidyl)sebacate, bis(l- 
octyloxy-2,2,6,6-tetramethylpiperidyl)succinate, the condensate of RN-bis-(2,2 t 6,6-tetra- 
methyl-4-piperidyl)hexamethylenediamine and 4-morpholino-2,6-dichloro- 1,3,5-triazine, 
the condensate of 2-chloro-4,6-bis(4-n-butylamino-2,2,6,6-tetramethyipiperidyl H,3,5-tri- 
azine and l,2-bis(3-aminopropylamino)ethane, the condensate of 2-chloro-4,6-di-(4-n- 
butylamino-l^,2,6,6-pentamethylpiperidyl)-l,3^-triazine and l,2-bis-(3-aminopropyl- 
amino)ethane, 8-acetyl-3-dodecyI-7,7,9,9-tetramethyl-l,3,8-triazaspiro[4.5]decane-2,4- 
dione, 3-dodecyl-l-(2,2,6,6-tetramethyl-4-piperidyl)pyrTolidin-2,5-dione, 3-dodecyM- 
(l,2,2,6,6-pentamethyl-4-piperidyl)pyrrolidine-2,5-dione, a mixture of 4-hexadecyloxy- 
and 4-stearyloxy-2,2,6,6-tetramethy)piperidine, a condensation product of N,N*-bis- 
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(2,2,6,6-tetramethyl-4-piperidyl)hexamemylenediamine and 4-cyclohexylamino-2,6-di- 
chloro-1.3,5-triazine, a condensation product of U-bis(3-aminopropylamino)ethane and 
2,4,6-trichloro-l,3,5-triazine as well as 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS 
Reg. No. [136504-96-6]); N-(2,2,6,6-tetramethyl-4-piperidyl)-n-dodecylsuccinimid, N- 
(l,2,2,6,6-peniamethyl-4-piperidyl)-n-dodecylsuccinimid, 2-undecyl-7,7,9,9-tetramethyl- 
l-oxa-3.8-diaza-4-oxo-spiro[4,5]decane, a reaction product of 7,7,9.9-tetramethyl-2-cyclo- 
undecyl-l-oxa-3,8-diaza-4-oxospiro [4,5]decane und epichlorohydrin. 

2.7. Oxamides , for example 4,4 , -dioctyloxyoxanilide. 2.2*-dielhoxyoxanilide. 2,2*-dioc- 
tyloxy-5,5 , -di-tert-butoxanilide,2,2 , -didodecyloxy-5,5'-di-tert-butoxanilide,2-ethoxy-2'- 
ethyloxanilide, N,N'-bis(3-dimethylaminopropyl)oxamide, 2-ethoxy-5-tert-butyl-2'-ethox- 
anilide and its mixture with 2-ethoxy-2'-ethyl-5,4'-di-tert-butoxanilide and mixtures of 
ortho- and para-methoxy-disubstituted oxanilides and mixtures of o- and p-ethoxy-disub- 
stituted oxanilides. 

2.8. 2-(2-Hvdroxvnhenvn- 1.3.5-triazines , for example 2,4,6-tris(2-hydroxy-4-octyloxy- 
phenyl)- 1 ,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)- 

.1 ,3,5-triazine, 2-(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethyIphenyl)- 1 ,3,5-triazine. 2.4- 
bis(2-hydroxy-4-propyloxyphenyl)-6-(2 > 4-dimethylphenyi)- 1 ,3,5-triazine, 2-(2-hydroxy- 
4-octyloxyphenyl)-4,6-bis(4-methylphenyl)-l,3.5-triazine, 2-(2-hydroxy-4-dodecyloxy- 
P henyl)-4,6-bis(2,4-dimethylphenyl>l,3,5-triazine,2-(2-hydroxy-4-tridecyloxyphenyl)- 
4,6-bis(2,4-dimethylphenyD- 1 ,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-butyloxy-pro- 
poxy)phenyl]-4,6-bis(2,4-dimethyl)-1.3.5-triazine,2-[2-hydroxy-4-(2-hydroxy-3-octyl- 

oxy-propyloxy)phenyl]-4,6-bis(2,4-dimethyl)-1.3.5-triazine, 2-[4-(dodecyloxy/tridecyl- 

oxy-2-hydroxy P ropoxy)-2-hydroxy-phenyl]-4,6-bis(2,4-dimethylphenyl)-l,3^-triazine,2- 

[2-hydroxy-4-(2-hydroxy-3-dodecyloxy-propoxy)phenyl]-4,6-bis(2,4-dimethylphenyI)- 

1 ,3,5-triazine, 2-(2-hydroxy-4-hexyloxy)phenyl-4.6-diphenyl- 1,3.5-triazine, 2 (2- 

hydroxy-4- m ethoxy P henyl)-4,6-diphenyl-l,3,5-triazine,2,4 > 6-tris[2-hydroxy-4-(3-bu- 

toxy-2-hydrox y -propoxy)phenyl]-l,3,5-triazine,2-(2-hydroxyphen y l)-4-(4-methoxyphe- 

nyl)-6-phenyl- 1 ,3 ,5-triazine. 

^ Metal deactivators , for example N,N'-diphenyloxamide, N-salicylal-N'-salicyloyl 
hydrazine, N,N--bis(salicyloyl) hydrazine, N,N--bis(3>di-tert-butyl-4-hydroxyphen y l- 
propionyl) hydrazine , 3-salicyloylamino-l,2,4-triazole, bis(benzylidene)oxal y l di- 
hydrazide, oxanUide, isophthaloyl dihydrazide, sebacoyl bisphenylhydrazide, N,N'-di- 
acetyladipoyl dihydrazide, N,N'-b 1 s(salicyloyl)oxalyl dihydrazide, N,N'-bis(salicyloyl)- 
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thiopropionyl dihydrazide. 

4. Phosphites and phosphonites , for example triphenyl phosphite, diphenyl alkyl phos- 
phites, phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, triocta- 
decyl phosphite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phos- 
phite, diisodecyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaerythritol 
diphosphite, bis(2,6-di-tert-buty]-4-methylphenyl)-pentaerythritol diphosphite, diisodecyl- 
oxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)pentaerythritol di- 
phosphite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristearyl sorbitol tri- 
phosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4*-biphenyiene diphosphonite, 6-isooctyl- 
oxy-2,4,8,10-tetra-tert-butyl-12H~dibenz[d, < g]-13,2-dioxaphosphocin, 6-fluoro-2,4,8,10- 
tetra-tert-butyl-12-methy]-dibenz[d,g]^l,3,2>dioxaphosphocin, bis(2 T 4-di-tert-butyl-6- 
methy]phenyl)methylphosphite, bis(2,4-di-tert-butyl-6-meihylphenyl)ethylphosphite. 

Particular preference is given to the following phosphites: 
tris-(2,4-di-tert-butylphenyl) phosphite; 
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Very particular preference is given lo tris(2,4-di-tert-butylphenyl) phosphite. 

5. Hvdroxvlamines , for example, N,N-dibenzylhydroxylamine, N.N-diethylhydroxyl- 
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amine, N,N-dioctylhydroxylamine, N,N-dilaurylhydroxylamine, N,N-ditetradecylhy- 
droxylamine, N,N-dihexadecylhydroxylamine, N,N-dioctadecylhydroxylaroine, N-hexa- 
decyl-N-octadecylhydroxylamine, N-heptadecyl-N-octadecylhydroxylamine, NJM-dialkyl- 
hydroxylamine derived from hydrogenated tallow amine. 

6. Nitrones, for example, N-benzyl-alpha-phenyl-nitrone, N-ethyl-alpha-methyl-nitrone, 
N-octy!-alpha-heptyl-nitrone, N-lauryl-alpha-undecyl-nitrone, N-tetradecyl-alpha-tride- 
cyl-niirone, N-bexadecyl-alpha-pentadecyl-nitrone, N-octadecyl-alpha-heptadecyl-nitrone, 
N-hexadecyl-alpha-heptadecyl-nitrone, N-ocatadecyl-alpha-pentadecyl-nitrone, N-hepta- 
decyl-alpha-heptadecyl-nitrone, N-octadecyl-alpha-hexadecyl-nitrone, nilrone derived 
from N,N-diaIkylhydroxylamine derived from hydrogenated tallow amine. 

7. Thiosynergists , for example, dilauryl thiodipropionate or distearyl thiodipropionate. 

8. Peroxide scavengers , for example esters of p-thiodipropionic acid, for example the 
lauryl, stearyl, myristyl or tridecyl esters, mercaptobenzimidazole or the zinc salt of 
2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide, penta- 
erythritol tetiakis(p-dodecylmercapto)propionate. 

9. Polyamide stabilisers , for example, copper salts in combination with iodides and/or 
phosphorus compounds and sails of divalent manganese. 

10. Basic co-stabilisers , for example, melamine, polyvinylpyrrolidone, dicyandiamide, tri- 
allyl cyanurate, urea derivatives, hydrazine derivatives, amines, poiyamides, polyure- 
thanes, alkali metal salts and alkaline earth metal salts of higher fatty acids for example 
calcium stearate, zinc stearate, magnesium behenate, magnesium stearate, sodium rici- 
noleate and potassium palmitate, antimony pyrocatecholate or tin pyrocaiecholate. 

1L Nucleating agents , for example, inorganic substances such as talcum, metal oxides 
such as titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of, prefe- 
rably, alkaline earth metals; organic compounds such as mono- or polycarboxylic acids 
and the salts thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, diphenylacetic acid, so- 
dium succinate or sodium benzoate; polymeric compounds such as ionic copolymers 
Cionomers"). 



12. Fillers and reinforcing agents , for example, calcium carbonate, silicates, glass fibres, 
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glass bulbs, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car- 
bon black, graphite, wood flour and flours or fibers of other natural products, synthetic fi- 
bers. 

1 3. Other additives , for example, plasticisers, lubricants, emulsifiers, pigments, rheology 
additives, catalysts, flow-control agents, optical brighteners, flameproofing agents, antista- 
tic agents and blowing agents. 

14. Benzofuranones and indolinones , for example those disclosed in US-A-4 325 863, 
US-A-4 338 244, US-A-5 175 312, US-A-5 216 052. US-A-5.252j643. DE-A-4 316 61 1, 
DE-A-4 316 622, DE-A-4 316 876, EP-A-0 589 839 or EP-A-0 591 102 or 3-[4-(2-acel- 
oxyethoxy)phenyl]-5,7-di-tert-butyl-benzofuran-2-one, 5,7-di-iert-butyl-3-[4-(2-stearoyl- 
oxyethoxy)phenyl]benzofuran-2-one,3,3'-bis[5,7-di-tert-butyl-3-(4-[2-hydroxyethoxy]- 
phenyl)benzofuran-2-one] , 5,7-di-tert-butyl-3-(4-ethoxyphenyl)benzofuran-2-one, 3-(4- 
acetoxy-3,5-dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-one, 3-(3,5-dimethyl-4-piva- 
loyloxyphenyl)-5,7-di-tert-butyl-benzofuran-2-one. 

Preference is given here to light stabilizers from classes 2. 1. 2.6 and 2.7, for example light 
stabilizers of the Chimassorb 944, Chimassorb 1 19, Tinuvin 234. Tinuvin 312, Tinuvin 
622 and Tinuvin 770 type. Preference is furthermore given to aromatic phosphites and 
phosphonites. 

The solid-phase postcondensation is carried out in a known manner. Reference is made m 
this respect to EP-A-0 090 915 or the article by S.A. Jabarin et al.. Journal of Applied 
Polymer Science, VoL 32, 5315-5335 (1986). In the novel process, the polycondensate is 
heated to a temperature from about 100 to 5°C below the melting point. In the particularly 
preferred novel process, the polycondensate is heated to a temperature of from about 60 to 
5°C, in particular from 40 to 5°C, below the melting point. In this temperature range, the 
polycondensate is treated in a stream of inert gas or under vacuum until the desired high 
viscosity or, if desired, branching, crosslinking or partial crosslinking of the polyconden- 
sate has been achieved. 

The sterically hindered hydroxyphenylalkylphosphonic ester or monoester and the poly- 
functional compound selected from the class consisting of the epoxides, oxazolines, ox- 
azolones. oxazines, isocyanates, anhydrides, acyllactams, maleimides, alcohols, carbodi- 
imides and esters can. independently of one another, be. for the addition, in the form of li- 
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quids, powders, granules or in compacted form or alternatively on a support material, such 
as silica gel or together with a polymer powder or wax, such as a polyethylene wax. 

From 0.01 to 5 parts of a sterically hindered hydroxyphenylalkylphosphonic ester or mo- 
noester or from 0.01 to 5 parts of a sterically hindered hydroxyphenylalkylphosphonic 
ester or monoester and from 0.01 to 5 parts of a polyfunctional compound selected from 
the class consisting of the epoxides, oxazolines, oxazolones, oxazines, isocyanates, an- 
hydrides, acyllactams, maleimides, alcohols, carbodiimides and esters are preferably 
added per 100 parts of polycondensate. From 0.02 to 2 parts, in particular from 0.05 to 1 
part, of a sterically hindered hydroxyphenylalkylphosphonic ester or monoester or from 
0.02 to 2 parts, in particular from 0.05 to 1 part, of a sterically hindered hydroxylphenyl- 
alkylphosphonic ester or monoester and from 0.02 to 2 parts, in particular from 0.05 to 1 
part, of a polyfunctional compound selected from the class consisting of the epoxides, ox- 
azolines, oxazolones, oxazines, isocyanates, anhydrides, acyllactams, maleimides, alco- 
hols, carbodiimides and esters are particularly preferably employed. 

The amount of sterically hindered hydroxyphenylalkylphosphonic ester or monoester and 
polyfunctional compound selected from the class consisting of the epoxides, oxazolines, 
oxazolones, oxazines, isocyanates, anhydrides, acyllactams, maleimides, alcohols, carbo- 
diimides and esters depends on the initial molecular weight of the polymer and on the final 
molecular weight desired. For example, for a severely damaged polycondensate, i.e. of 
low molecular weight, preference is given to a sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester or a sterically hindered hydroxyphenylalkylphosphonic 
ester or monoester and the polyfunctional compound selected from the class consisting of 
epoxides, oxazolines, oxazolones, oxazines, isocyanates, anhydrides, acyllactams, male- 
imides, alcohols, carbodiimides and esters in the upper weight range. If, by contrast, only 
a slight increase in molecular weight is desired, the additive or additives is/are employed 
in low concentrations. 

If a crosslinked or partially crosslinked, i.e. insoluble, polycondensate is desired, a rela- 
tively high concentration of the polyfunctional compound containing more than two reac- 
tive groups in the molecule is preferably employed. 

It is furthermore possible to control the final molecular weight and the degree of Crosslin- 
king via the reaction time and via the temperature. 
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If the polycondensate is a recyclaie, it can also be mixed with fresh material or employed 
together with fresh material, for example in a coextnision process. Stabilization and mole- 
cular weight increase can in this case be carried out independently of one another. 

The invention furthermore relates to the use of a sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester for increasing the molecular weight of a polycondensate. 
The preferences regarding the use correspond to those for the process. 

The invention furthermore relates to the use of a mixture comprising at least one sterically 
hindered hydroxyphenylalkylphosphonic ester or monoester and a polyfunctional com- 
pound selected from the class consisting of the epoxides, oxazolines, oxazolones, ox- 
azLnes, isocyanates, anhydrides, acyllactams, maleimides, alcohols, carbodiimides and 
esters for increasing the molecular weight of a polycondensate. The preferences regarding 
the use correspond to those for the process. 

The invention furthermore relates to a composition comprising a) a polycondensate recy- 
clate, and b) at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester. The invention furthermore relates to a composition comprising a) a polycondensate 
recyclate. b) at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester and c) at least one polyfunctional compound selected from the class consisting of the 
epoxides, oxazolines, oxazolones, oxazines, isocyanates, anhydrides, acyllactams, ma- 
leimides, alcohols, carbodiimides and esters. 

The preferences regarding the compositions correspond to those for the process. 

The invention furthermore relates to poly condensates obtainable by the novel process. 

The examples below illustrate the invention in greater detail without representing a limita- 
tion. Parts and percentages, as in the remainder of the description, relate to the weight, un- 
less otherwise stated. 

Examples 1 - 6 : Molecular weight increase of used PET material by solid-phase condensa 
tion. 



A used PET material from a bottle collection (origin: Switzerland) is extruded in a twin- 
screw extruder (Werner + Pfleiderer ZSK 25) at 260°C with the additives indicated in 
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Table 1, the extrudate is granulated, and the granules are subsequently subjected to solid- 
phase condensation in a tumble dryer at 230°C for 23 hours under a vacuum of approx. 
1 mbar. The intrinsic viscosity [r[] of the polymer is determined using a solution of 1 g of 
the polymer in 100 g of a 1:1 mixture of o-dichlorobenzene and phenol at 30°C. The re- 
sults are shown in Table 1. The higher the intrinsic viscosity, the greater the increase in 
molecular weight. The note "insoluble" in the "intrinsic viscosity" column means that the 
intrinsic viscosity could not be measured since 1 g of the polymer was not soluble in 100 g 
of a 1:1 mixture of o-dichlorobenzene and phenol at30°C. 



Table 1: 



Example 


Additives 


Intrinsic viscosity [r\] in [dl/g] 


after 
extrusion 


after 

solid-phase condensation 


1 




0.44 


0.89 


2 


0.25 % of lrganox 1425 


0.47 


1.08 


3 


0.25 %of lrganox 1222 


0.51 


1.18 


4 


0.25% of lrganox 1425 
0.25 % of lrganox 1010 


0.47 


1.18 


5 


0.25 % of lrganox 1425 
0.25 % of pentaerythritol 


0.48 


insoluble 


6 


0.25 % of lrganox 1425 
0.25 % of Araldit GT 6071 


0.46 


insoluble 



Table 1 shows a clear increase in the intrinsic viscosity for Examples 2 to 6 according to 
the invention, indicating an increase in the molecular weight. 

lrganox® 1222 (Ciba-Geigy) is a compound of the formula II. 
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Irganox®1010 (Ciba-Geigy) is pentaerythrityl teiraki S -|3-(3,5-di-tert-butyl-4-hydroxy- 
phenyDpropionate]. 

Araldit®GT 6071 (Ciba-Geigy) is bisphenol A diglycidyl eiher having an epoxide number 
of 2. 1 5-2.22 eq/kg and a softening range of 70-75°C. 

Exampjes 7 and 8 : Molecular weight increase of used PET material by solid-phase 
condensation. 

A used PET material from a bottle collection (origin: Switzerland) is extruded in a twin- 
screw extruder (Werner + Pfleiderer ZSK 45) at 280°C with the- additives indicated in Table 
2, the extrudate is granulated, and the granules are subsequently subjected to solid-phase 
condensation in a tumble dryer at 230°C for 23 hours under a vacuum of approx. 1 mbar. 
The intrinsic viscosity In] of the polymer is determined analogously to Examples 1 to 6 
using a solution of 1 g of the polymer in 100 g of a 1:1 mixture of o-dichlorobenzene and 
phenol at 30°C. The results are shown in Table 2. The higher the intrinsic viscosity, the 
greater the increase in molecular weight. The note "crosslinked" in the "intrinsic viscosity- 
column means that the intrinsic viscosity could not be measured since 1 g of the polymer 
was not soluble in 100 g of a 1 : 1 mixture of o-dichlorobenzene and phenol at 30°C. 
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23 hours 




crosslinked 




on at 230°C 


10 hours 


. 0.91 


crosslinked 












itrinsic viscosity [ti] in [dl/g] 


)hase condensai 


5 hours 


OO 

CZ5 


crosslinked 


after solid-f 


3 hours 


0.76 


0.83 






1 hour 


0.71 


0.73 




after 


extrusion 


0.70 


0.66 




Additives 






0.20 % of Irganox 1425 
0.50% of AralditGT 6071 




















oo 1 




Ex; 
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WHAT IS CLAIMED IS: 



1. A process for increasing the molecular weight of polycondensates, which comprises 
heating a polycondensate in the temperature range below the melting point and above the 
glass transition temperature in the solid phase of the polymer with addition of at least one 
sterically hindered hydroxyphenylalkylphosphonic ester or monoester. 

2. A process according to claim 1, wherein at least one polyfunctional compound selected 
from the class consisting of the epoxides, oxazolines, oxazolones, oxazines, isocyanates, 
anhydrides, acyllactams, maleimides, alcohols, carbodiimides and esters is additionally 
employed. 

3. A process according to claim 1, wherein the polycondensate is a recycled polyconden- 
sate. 

4. A process according to claim 1, wherein the sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester is a compound of the formula I 




OR* (I) 



in which 

Rj is isopropyl, tert-butyl, cyclohexyl or cyclohexyl which is substituted by 1-3 
Cj-Qalkyl groups, 

R 2 is hydrogen, C l -C 4 alkyl, cyclohexyl or cyclohexyl which is substituted by 1-3 C r C 4 - 
alkyl groups, 

R 3 is C r C 20 alkyl, or unsubstituted or C r C 4 alkyl-substituted phenyl or naphthyl, 

R 4 is hydrogen, CVC^lkyl, unsubstituted or C r C 4 alkyl-substituted phenyl or naphthyl; 

or is — . 

M r * is an r-valent metal cation, 
n is 1,2,3, 4, 5 or 6, and 
r is 1,2 or 3. 
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5. A process according to claim 1, wherein the sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester is a compound of the formula II or III 




6. A process according to claim 1, wherein the polycondensate is a polyamide, a poly- 
ester, a polycarbonate or a copolymer of these polymers. 

7- A process according to claim 1, wherein the polycondensate is a polyamide, preferably 
PA 6 or PA 6.6, or a corresponding recyclate or copolymer thereof. 

8. A process according to claim 1, wherein the polycondensate is a polycarbonate. 

9. A process according to claim 1, wherein the polycondensate is a PET. 

10. A process according to claim 2, wherein the poly functional compound from the 
epoxide class is a compound containing epoxide radicals of the formula IV 

O 

— CH~ (CH 2)r C^CH (JVX 
R 5 R 6 R 7 

in which, when R 5 and R 7 are hydrogen, R$ is hydrogen or methyl and p = 0; or, when R 5 
and R 7 together are -CH 2 -CH 2 - or -CH 2 -CH 2 -CH 2 -, R 6 is hydrogen and p = 0 or 1, where 
these radicals are bonded directly to carbon, oxygen, nitrogen or sulfur atoms. 

11. A process according to claim 2, wherein the polyfunctional compound from the alco- 
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hol class is pentaerythritol or dipenlaerythritol. 

12. A process according to claim 2, wherein the polyfunctional compound from the ester 
class is pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]. 

13. A process according to claim 1, wherein from 0.01 to 5 parts of the sterically hindered 
hydroxyphenylalkylphosphonic ester or monoester are employed per 100 parts of polycon- 
densate. 

14. A process according to claim 2, wherein from 0.01 to 5 parts of the polyfunctional 
compound are employed per 100 parts of polycondensate. 

15. A process according to claim 1, wherein the polycondensate is heated at from 100 to 
5°C below the melting point in the solid phase . 

16. The use of a sterically hindered hydroxyphenylalkylphosphonic ester or monoester for 
increasing the molecular weight of a polycondensate. 

17. The use of a mixture comprising at least one sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester and at least one polyfunctional compound selected from the 
class consisting of the epoxides, oxazolines, oxazolones, oxazines, isocyanates, an- 
hydrides, acyllactams, maleimides T alcohols, carbodiimides and esters for increasing the 
molecular weight of a polycondensate. 

18. A composition comprising 

a) a polycondensate recyclate, and 

b) at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester according to claim 1. 

19. A composition according to claim 18, which additionally comprises at least one poly- 
functional compound selected from the class consisting of the epoxides, oxazolines, 
oxazoiones, oxazines, isocyanates, anhydrides, acyllactams, maleimides, alcohols, carbo- 
diimides and esters. 

20. A polycondensate obtainable by a process according to claim 1 or 2. 
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